Psoriasin Binds Calcium and Is Upregulated by Calcium to Levels that Resemble Those Observed in Normal Skin  by Hoffmann, Hans Jürgen et al.
Psoriasin Binds Calcium and Is Upregulated 
by Calcium to Levels that Resemble Those Observed 
in Normal Skin 
Hans Jurgen Hoffmann, Eydfinnur Olsen, Michael Etzerodt,* Peder Madsen, Hans Christian Th0gersen,* 
Torben Kruse,t and Julio E. Celis 
Institute of Medical Biochemistry and Danish Centre for Human Genome Research, "Laboratory of Gene Expression and Protein 
Engeneering Research Centre, Department of Chemistry, and tDepartment of Human Genetics, Aarhus University, Aarhus, Denmark 
Recently, we described a small molecular weight pro-
tein termed psoriasin that showed sequence similarity 
with the 5100 calcium-binding proteins and that is 
highly upregulated in psoriatic epidermis as well as in 
primary human keratinocytes undergoing abnormal 
differentiation. Here we present evidence showing 
that natural and recombinant psoriasin binds calcium, 
as judged by the calcium overlay assay, and that it con-
tains all the sequence features characteristic of the 
C ell-type-specific responses to Ca++ are thought to be mediated by calcium-binding proteins that affect tar-get polypeptides by modulating protein-protein in-teractions in a Ca++ -dependent fashion. Calcium-binding proteins can be subdivided into two main 
groups based on the presence or absence of a common calcium-
binding motif, the EF-hand [1] . The first group is comprised of 
members of the annexin family of calcium- and phospholipid-bind-
ing proteins, which do not contain an EF-hand, whereas the second 
grou'p (EF-hand proteins) includes calmodulin, troponin C, parval-
bumin, oncomodulin, calbindins, and the SlOO protein family 
(SlOOa, SlOOP, S100C, S100D, S100E, SlOOP, metastasin, calbin-
din-D9k, calcyclin, MRP8, MRP14, and pll or calpactin light 
chain) [1]. EF-hand proteins can be further subdivided according to 
the number of EF-hands [2] . 
Members of the S 1 00 protein family are believed to mediate a 
variety of functions in eukaryotic cells, which include differentia-
tion, cell cycle progression, transmission of Ca++ signals, and cyto-
skeletal membrane interactions [1 ,3]. The precise function(s) of the 
individual members of the S100 protein family are unknown, al-
though SlOOP and p11 have been shown to bind to and possibly 
cover the phosphorylation sites on the protein kinase C substrates 
p53 and annexin, respectively [4,5], thereby providing for crossreg-
ulation of the IP3 (calcium) and diacylglycerol (DAG) (protein 
kinase C) branches of the phosphatidyl inositol cascade. Both 
MRP8 and MRP14 appear to be involved in macrophage matura-
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5100 family. Furthermore, (3sS)-methionine labeling 
experiments showed that psoriasin synthesis is upreg-
ulated by 2 mM Ca++ (ratio Ca++ / control at 88 h = 
2.56) to levels that resemble those observed in unfrac-
tiona ted keratinocyte populations obtained from nor-
mal skin. Key words: psoriasis/calcium binding/retinoic 
acid/2-D gel protein database. ] Invest Dermatol 103:370-
375,1994 
tion and localization [6] and have been implicated in the terminal 
differentiation of mono myelocytic cells [7]. In contrast to the ubiq-
uitously expressed calmodulin, S 1 00 proteins are often expressed in 
a cell- or tissue-specific fashion and may mediate calcium effects 
that are restricted to some cell types [3] . 
The two calcium-binding domains ofSl00 proteins differ in that 
the calcium-binding signature at the N-terminus harbors two inser-
tions in the calcium-binding loop, the affinity of this domain for 
calcium being about tenfold lower than that of the EF-hand. Ini-
tially, calcium binds to the C-terminal EF-hand, causing exposure 
of the C-terminal hydrophobic domain to the solvent [8] . The N-
terminal calcium-binding site is thought to be occupied at higher 
calcium concentrations and it has been suggested that it may func-
tion in the extracellular space where the calcium concentration is 
much higher than inside the cell [8] . The S100 family of proteins is 
further characterized by extensive sequence similarity outside the 
calcium-binding domains [3]. 
Recently, we described a novel, small molecular mass protein 
termed psoriasin [9,10] that exhibited restricted tissue distribution 
and that is highly upregulated in psoriatic epidermis as well as in 
primary human keratinocytes undergoing abnormal differentiation 
l \ 1]. Psoriasin contains both Ca++ -binding domains that are charac-
teristic for the SlOO proteins, but it is not known whether it binds 
calcium. Here we show that this protein binds calcium and that it 
exhibits all the features that are conserved in the S10Q farnily. Fur-
thermore, we show that psoriasin synthes is is upregulated by cal-
cium to levels that resemble those observed in unfractionated kerat-
inocyte populations from normal skin. 
MATERIALS AND METHODS 
Noncultured, Unfractionated Human Keratinocytes Strips of nor-
mal and psoriatic skin obtained from the Aarhus Kommunehospital (Den-
mark) were washed three times in Hanks' buffered saline solution (HBSS; 
5.4 mM KCl, 0.45 mM KH 2PO., 139 mM NaCl, and 0.34 mM N a2HPO.) 
and placed in 0.25% trypsin in HBSS at 4°C for at least 24 h. Following 
incubation, the strips were washed three times in serum-free keratinocyte 
medium (SFKM; GIBCO) containing antibiotics (penicillin, 100 U/ml; 
streptomycin, 50 Ilg/ml; Biochrom KG, Germany), epidermal growth fac-
0022-202X/94/S07.00 Copyright © 1994 by The Society for Investigative Dermatology, Inc. 
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Figure 1. Calcium binding b.y .psoriasin and other members of the S100 protein family. A. 4SCa++ gel overlay of a 2-D blot of total proteins from 
noncultured unfrawonated psonatlc keratl11ocytes. Briefly. 2-D gel blots [16] were ll1cubated with 10 !lCI of45CaCI2 (290 GBqjg) 111 10 ml of blocking buffer 
as described in Materials atld Methods. The membrane was washed. dried. and the calcium-binding proteins were visualized by autoradiography. B. as in A. but 
stained with amino black to relate the autoradiogram to known proteins in the 2-D gel database ofkeratinocyte proteins. C. 4SCa++ gel overlay autoradiogram 
of a 2-D blot of recombinant psoriasin. D. The position of the minor, more acidic spot corresponds more closely to the position of psoriasin from keratinocytes. 
The difference between the two forms is not understood. but may be due to calcium sequestered by one of the forms. No other proteins could be detected by 
silver staining on these gels (not shown). 
tor (EGF. 5 ng/ml; GIBCO). and bovine pituitary extract (BPE. 50 Ilg/ml; 
GlBCO). The epidermis was then detached from the dermis and resus-
pended in the same medium. Normal and psoriatic kcratinocytes were de-
tached by vigorous shaking. washed 2 - 3 times in SFKM. and resuspended in 
the same medium. The resulting suspension contained approximately 95% 
keratinocytes. as judged by the two-dimensional (2-D) gel ana lysis of poly-
peptide markers for the various ce ll types present in the epidermis and dermis 
(12]. 
Preparation of Human Dermal Extracts Strips of normal skin washed 
as described above were placed in HBSS containing 1 M NaCI for 72 h at 
4"C. The epidermis was peeled off and the dermis washed twice in HBSS. 
Thereafter, the dermis (1 g) was homogenized in 10 ml of the same bulter 
and the soluble extract was recovered by centrifugation. The extract was 
rhen dialyzed against HBSS. filter sterilized. and stored at 4"C (0.375 mg/ 
ml) . Petri dishes were coated with the extract overnight at 4" C (20ltg/ml). 
The extract was then aspirated and the plates were kept at 4"C until use. 
Prinlary Normal Human Keratinocytes Normal unfractionated kera-
tinocytes prepared as described above were plated in 35-mm culture dishes 
(coated with human dermal extract) that contained 3 ml of SFKM supple-
mented with antibiotics (penicillin. 100 V/ml; streptomycin. 50 !lg/ml). 
EGF (5 ng/ ml). and BPE (50 Itg/m l) . Keratinocytes were fed with fresh 
medium every day and loosely attached cel ls were eliminated by pi petting 
the medium up and down with the aid of an automatic pipette. Cells were 
labeled with [35S]-methionine on the lifth day as described below. 
[lSS]-Methionine Labeling of Keratinocytes Primary keratinocytes 
grown in 35-mm culture dishes were labeled for 16 h in 1 ml of SFKM 
lacking methionine (prepared by GIBCO) and containing 400 !lCi of 
pSS]-methionine (S] 204. Amersham). Culture dishes were covered with 
Saran Wr:!p during incubation at 37 "C in a humidified 5% CO2 incubator. 
Following labeling, the medium was aspirated and the cells resuspended in 
0.3 ml of lysis solution [13]. 
2-D Gel Electrophoresis and Spot Quantitation Two-dimensional 
gel electrophoresis was carried out essentially as described before [14.15J. 
(3SS]-methionine - labeled proteins were excised from silver-stained. dry iso-
electric focusing (IEF) 2-D gels using a scaJpel. Protein spots were localized 
with the help of exposed X-ray film s and identified by using the keratinocyte 
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database numbering system [14J. Gel pieces were placed in scintillation vials 
containing 4 ml of Filter-Count (Packard, Downers Grov~, 19 an? c~)Un~ed 
for 5 min in an LKB 1209 Rackbeta (Bromma, Sweden) liqUId sCintillation 
counter. Counts were normalized, taking into account the total radioactivity 
applied to the gels. 
Gel Overlay Experiments Two-dimensional gel electrophoresis and 
blotting were performed as previously described [14 - 16]. After blotting, the 
gel was stained with Coomassie Brilliant Blue to determine the efficiency of 
transfer. To detect calcium-binding proteins, we used the 4sCaCl2 gel over-
lay technique [17,181. It was optimized using 2-D gel blots of normal kerati-
nocytes and recombinant psoriasin. The protocol for 4SCa overlay was ap-
plied with the following modifications: membranes were blocked with three 
20-min changes of buffer 1 (5 mM MgCl2, 50 mM KCI, and 10 mM 
imidazole, pH 7.8) and were probed with I/1Ci/ ml of 45CaCl2 (290 GBq/ g; 
Ris0, Denmark) for 20 min. Freshly prepared (same day) imidazole was used, 
as the amount of calcium bound by psoriasin was found to be inversely 
related to the age of the imidazole solution. The Hybond-C membranes 
(0.45/1; Amersham, UK) used for the experiments were washed in 67% 
aqueous ethanol, as at this alcohol concentration, specifically bound calcium 
was more stable during washes than at a lower concentration (data not 
shown). The membranes were dried for at least 6 h and exposed to films for 
up to 3 d. After autoradiography, they were stained with Amido Black to 
reveal the protein pattern on the membrane. All experiments were per-
formed at room temperature. 
Sequence Analysis The amino acid sequence of psoriasin was analyzed 
using the GCG Sequence Analysis package [19] with default parameters on a 
DEC 5900 computer. It was compared to the amino acid sequence of pro-
teins retrieved from the Swissprot (version 2.93) and GenEMBL (version 
4.93) databases. 
Psoriasin Expression, Folding, and Puri6cation Escherichia coli BL21 
cells were transformed with the plasmid pT 7H6FX-PS.4 bearing the coding 
sequence of psoriasin (Ser2 to Gin 100) in the expression vector pT7-PL [20,21] 
and grown to a cell density of 0.8 (A600)' Expression of the recombinant 
psoriasin fusion protein was induced by the addition of five- to ten-fold 
excess of phage )'CE6 [21) containing the gene for T7 RNA polymerase. 
Four hours after induction, the cells were harvested by centrifugation and 
lysed by osmotic shock and sonication, and the released protein was extracted 
with phenol equilibrated to pH 8 with Tris-HCI. 
Protein was then precipitated by the addition of2.5 volumes of ethanol 
and recovered by centrifugation. The pellet was solubilized in a buffer con-
taining 6 M guanidinium-hydrochloride, 50 mM Tris-HCI, and 0.1 M 
dithioerythreitol (pH 8). Following gel filtration on Sephadex G25 equili-
brated with 8 M urea, 0.5 NaCI, 50 mM Tris-HCI, and 1 mM methionine 
(pH 8), the fusion protein was purified in a single step in a Ni++NTA column 
[22]. Psoriasin was eluted from the column in the same buffer containing 8 
M urea and 0.2 M sodium acetate, pH 5. Urea was removed and the salt 
concentration was lowered by gel filtration on a Sephadex G25 column 
equilibrated with a buffer containing 50 mM sodium acetate and 5 mM/0.5 
mM reduced/oxidized glutathione (PH 5). Following gel filtration, the pH 
was adjusted to 8 with 0.1 M Tris base over 30 min and left at room 
temperature overnight to allow disulfide bridge formation by disulfide ex-
change. 
The protein was applied to a Sephadex G25 column equilibrated with 100 
mM Tris-HCI and 50 mM NaCI (pH 8), and the purified fusion protein was 
digested with the restriction protease FXa (1/100 weight/weight) as de-
scribed by Nagai and Th0gersen (23). Thereafter, the protein solution was 
diluted and adjusted to pH 5 with 10% acetic acid. Liberated recombinant 
psoriasin was separated from protease FXa and cleavage products by cluo-
matography at pH 5 on a Mono S Sepharose column (Pharmacia, LKB) in 20 
mM sodium acetate with a gradient from 50 tnM to 500 mM of NaCl. 
Recombinant psoriasin eluted at 170 mM NaCI. The buffer of the purified 
protein was replaced by 20 mM ammonium bicarbonate by gel filtration on 
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Sephadex G25 and the protein was lyophilized. The approximate yield was 
30 mg protein per liter culture. 
RESULTS 
Psoriasin is a Calcium-Binding Protein Because psonastn 
contains an EF-hand [10), it was important to determine whether it 
binds calcium. This was accomplished by using the 45Ca++-overlay 
procedure [17,18) on psoriatic keratinocyte proteins (Fig lA) and 
recombinant psoriasin (Fig le) separated by rEF 2-D gel electro-
phoresis and blotted onto nitrocellulose membranes. As shown in 
Fig 1, both native (Fig lA) and recombinant (Fig le) psoriasin 
indeed bind calcium. Binding of 45Ca++ was specific as it cou ld be 
substantially reduced by the addition of 5 mM MgCl2 + 5 mM 
CaCl2 to the buffers, but was not affected by the addition of 10 mM 
MgCl2 alone (results not shown). Other low molecular weight pro-
teins that bind calcium and migrate in the same area of the gel 
correspond to MRP8 (also known as calgranulin A [24,25]), MRP14 
(calgranulinB) [24,25], S100C, IEF SSP 3005, and calmodulin (Fig 
lA,B). Human S 1 OOC was identified on the basis of sequence simi-
larity to the porcine sequence [26)' whereas rEF SSP 3005 was 
identified in this study and has not been characterized further. In-
formation on these proteins is stored in the computer-aided, com-
prehensive 2-D gel database of keratinocyte proteins [14). 
Psoriasin is a Member of the S100 Protein Family The simi-
larity of psoriasin to the S100 proteins was established through 
similarity to pll, the small subunit of calpactin, as determined with 
the GCG program FAST A [19) . Despite the diversity of their func-
tions, the low molecular weight S100 proteins (10 -12 kDa) are 
characterized by very conserved amino acid sequence features (Fig 
2; [1]). All these proteins have a C-terminal EF calcium-binding 
hand and an N-terminal calcium-binding signature, which differs 
from the EF-hand in that it contains 14 instead of 12 conserved 
amino acid residues in a 28-amino-acid domain. A conserved basic 
domain is found N-terminal of the calcium-binding signature 
whereas an acidic domain is present in the C-terminal of the EF-
hand. The hinges between the calcium-binding domains and the 
C-terminal region are the most divergent domains of the S100 
proteins. The predicted secondary structure and Kyte-Doolittle hy-
dropathy profiles of the S100 proteillS are highly conserved even if 
the amino acid sequence varies. Psoriasin shares all these features, 
and consequently is a member of the S 1 00 family (Fig 2). It contains 
an N-terminal calcium-binding signature (F17 to P 41) and a canoni-
cal EF-hand extending from L55 to 182, Even though the spacing of 
the calcium-binding signatures of psoriasin and p 11 is different 
from that of the canonical EF-hand, we have shown here that psor-
iasin does bind calcium. pll is thus unique among SlOO proteins in 
that it does not bind calcium [4]. 
As shown in Fig 2, psoriasin, MRP14, calbindin, and MRP8 
deviate more from each other than SlOOp, S100Q, SlOOP, and 
S100L do. S100C is not included in the comparison because the 
gene has not been cloned yet. SlOOP and p 11, which bind to p53 and 
annexin II, respectively, have a conserved cysteine residue in the 
C-terminal domain, outside the EF-hand, followed by a hydropho-
bic domain [4,5] . These features are also present in other S100 
proteins (a, L, and P), but not in calpactin, calbindin, MRP8, 
MRP14, and psoriasin. Psoriasin is most closely related to MRP8 
(32% amino acid identity and 59% similarity with two gaps, Fig 2), 
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Figure 2. Sequence comparison of psoriasin with other S100 proteins. The protein sequences were derived from the GenEMBL and Swissprot 
databases, and compared with the GCG program Pileup, which places most closely related sequences nearest to each other. Amino acids conserved with respect 
to psoriasin are shaded dark and light gray. Perfectly conserved amino acids are indicated by dots (conserved) or asterisks (identica l) under the sequence. Psoriasin 
(GenBank accession number M86757) is most closely related to MRP8. If only calpactin and psoriasin are compared, only two gaps are introduced in thr 
sequences. 
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Figure 3. Effect of calcium on the expression of psoriasin. A, Primary normal human keratinocytes grown in SFKM supplemented with EGF and BPE 
were labeled for 16 h with [J5S)-methionine as described in Materia ls alld Methods. B, as in A but treated for 24 h with 2 mM CaCI2 • C, as in A but treated for 48 h 
with 2 mM calcium. D, as in A but treated for 72 h in the presence of2 mM Ca++. Calcium-treated cells were labeled for an additional 16 h in the presence of2 
mM calcium. 
as is also reflected by its pattern of regulation (see below), and to p11 
(23% amino acid identity, 46% amino acid identity with one gap). 
Psoriasin is U pregulated by Ca++- and Retinoic Acid Because 
psoriasin is a calcium-bindin~ protein it was interesting to ~eter­
mine whether Ca++- affected Its levels of abundance. Accord111gly, 
we treated norma l primary human keratinocytes with 2 mM CaCl2 
for various periods of time (24 , 48, and 72 h) and labeled the cells 
with [35SJ-methionine for an additional 16 h in the presence of 2 
mM Ca++-. Following lEF 2-D electrophoresis of total celllysates, 
psoriasin was excised from the gels and quantitated by liquid scintil-
lation counting. Representative lEF 2-D gel autoradiograms of 
these experiments are shown in Fig 3 and quantitative data are 
presented in Table I for a set of duplicated samples. As shown in 
Table I. Radioactive Levels ofPsoriasin in Primary Cultures of Normal Keratinocytes Treated with 2 mM Calcium 
Protein 
Psoriasin 
fJ-tub ulin 
Aain 
Control - cpm ± SD' 
62.87 ± 5.47 
3061.53 ± 42.46 
27698.43 ± 1239.74 
40 h 
54.46 ± 19.63 
2846.99 ± 137.19 
24893.24 ± 1380.19 
Ca++-Treated - cpm ± SDb 
64 h 
99.48 ± 5.49 
3546.07 ± 69.19 
25192.53 ± 1409.30 
88 h 
161.13 ± 21.69 
2834.87 ± 161.14 
22284.79 ± 1012.74 
Ratio-Treated Versus 
Control at 88 h 
2.56 
0.93 
0.80 
• Primary keratinocyte cultures prepared as described in Mareri.ls ."d Merhods were labeled for 16 h with ["SI·methionine. Protein spots from duplicate dry gels were excised with a 
scalpel and counted as described in Mareria ls alld Metlrods. Counts were normalized taking into account the total radioactiviry applied to the gels. 
, As in a but cells were treated for 24, 48, and 72 h with 2 mM CaCI2 and labeled for an additional 16 h with [lS5J-methionine in the presence of2 mM ca lcium. Protein spots from 
duplicate dry gels were quantitated as above. Counts were norma.lized taking into account the tota l rad ioactiviry applied to rhe gels. 
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Figure 4. Effect of retinoic acid on the expression of psoriasin. A, primary normal human keratinocytes grown in SPKM supplemented with EGP and 
EPE were labeled for 16 h with [3SS]-methionine as described in Materials atld Methods. B. as in A but treated for 72 h with retinoic acid (4 X lO- 7M) and labeled 
for additional 16 h with [3SS]-methionine in the presence of retinoic acid. 
Table I, the level of radioactive psoriasin increases gradually after 
the addition of Ca++, with the higher effect being detected after 88 
h (Fig 3D; ratio Ca++ I control = 2.56; two-tailed p level = 0.02 by 
the t. test for independent samples). Similar radioactive levels of this 
protein were detected in keratinocyte cultures treated for 112 h 
(results not shown). In contrast to fetal calf serum differentiated 
keratinocytes [11], the radioactive level of psoriasin in Ca++-treated 
cells (88 h. Table I) very much resembles that observed in unfrac-
tionated keratinocyte populations obtained from normal skin [14] , 
the ratio of actin to psoriasin being 138 in calcium-treated keratino-
cytes (88 h. Table I) and 175=1= in noncultured, unfractionated nor-
mal keratinocytes obtained from normal skin. A few other proteins 
were quantitated in this study and the values for P-tubulin and actin 
are given for reference in Table I. It should be stressed that the 
above experiments have been repeated at least three times using 
independent samples, with similar results. 
Increased synthesis of psoriasin was also observed in keratinocyte 
preparations treated with retinoic acid (4 X 10- 7 M; ratio of reti-
noic acid to control = 2.11) for 88 h (Fig 4B; compare with Fig 
4A, control) , but no effect was detected in cells treated with phorbol 
12-myristate 13-acetate (PMA, 88 h) [27], INF-y (100 U Iml, 96 h), 
or tumor necrosic factor (TNF)-a (3.3 nglml, 96 h) (results not 
shown) . 
DISCUSSION 
The studies presented here firmly establish the calcium-binding 
protein psoriasin as a novel member of the S1 00 family. Unlike pl1, 
which also lacks three amino acids in the observed N-terminal cal-
cium-binding signature (see Fig 2), psoriasin has an intact C-ter-
minal EF-hand and binds calcium, implying that its activity may be 
regulated through variation in the calcium concentration. Calcium 
binding was also observed in the case of renatured recombinant 
psoriasin, expressed in E. coli as well as in an acidic isomer that was 
present in low levels in total cell lysates. 
Detailed sequence analysis revealed that psoriasin is more closely 
related to p11 and MRP8 than to any other member of the S100 
:to Average value calculated from [3SS]-methionine-Iabeled noncultured. 
unfractionated keratinocytes from normal skin. 
family. Both MRP8 and psoriasin lack several amino acids near the 
hinge region that are important for the function of several S100 
proteins [1 ,28] and, like calcyclin, calbilldin, and MRP14, they lack 
the C-terminal cysteine residue conserved among other S 1 00 pro-
teins. This residue, together with a proximal hydrophobic patch, 
comprises the protein-protein interaction surface of p11 with an-
nexin II [29] and SlOOP with p53 [5] . 
Interestingly, the genes coding for several of the members of the 
S100 family are clustered on chromosome lq21 ([30] and references 
therein). These correspond to SlOOa [30] . CaN19 [30]. S100E [30] , 
metastasin [30,31], S100D [30]. calcyclin [30,31]' MRP8 [31]. 
MRP14 [31]. psoriasin,§ and p11, or calpactin light chain [30]. 
Moreover, the genes coding for the epidermal differentiation 
markers trichohyalin [32] , profilagrin, involucrin, and loricrin~ 
also map to chromosome lq21, and the region 1q12-ter is fre-
quently lost in human breast carcinomas [33]. The significance of 
the clustering of these genes is not clear but in some physiologic 
conditions may facilitate co-regulation through a single locus con-
trol region, as has been suggested by Hardas et al. ** Our previous 
studies have shown that psoriasin. MRP8, and MRP14 are expressed 
in an apparently coordinated fashion in psoriatic and abnormally 
differentiated primary keratinocytes [11]. but this may 110t be so in 
otherconditio11s. For example, PMA upregulates mainly MRP14 in 
keratinocytes [27]. but it has no effect on the synthesis of psoriasin 
([27], this study). Differential expression of MRP8 and MRP14 
have been reported by others in keratinocytes, reconstructed epider-
§ Hardas BD. Cromie MA. Elder JT: Psoriasin is tightly linked ro 
CRABP-II and MRP14 on human chromosome 1q21: coordinate overe)(-
pression of clustered genes in psoriatic and RA-treated skin (abstr.). ] [liVest 
Demlatoi100:517 A. 1993. 
~ Korge BK, Gan SQ. Yoneda K, Compton JG. Voltz A. Steinert PM. 
Zeigler A. Mischke 0: Physical mapping of the epidermal differentiation 
markers loricrin. profilaggrin and involucrin on chromosome lq21 by 
pulsed field gel electrophoresis (abstr.). ] !tll/cst Dermato/98:569A, 1992. 
•• Hardas BD. Cromie MA, Elder JT: Psoriasin is tightly linked to 
CRABP-ll and MRPl4 on human chromosome lq21: coordinate overex-
pression of clustered genes in psoriatic and RA-treated skin (abstr.). ] ItIVest 
Dermal.oilOO:517A.1993. 
VOL . . 103, NO.3 SEPTEMBER 1994 
rnis [34], and various cell lines [24,35], but there is no information as 
to the levels of psoriasin. 
Our studies also identified other members of the S 100 protein 
family that included SlOOC, calcyclin, and CaN19 (Fig 3). These 
prot e ins , however, are regulated differently from psoriasin, as they 
are expressed by SV40-transformed K14 keratinocytes [36], which 
have lost their ability to differentiate [37]. Even though psoriasin is 
not expressed by K14 cells, preliminary studies of U. Jensen et al 
(unpublished observations) have shown that this protein can be 
induced in a human SV 40-transformed keratinocyte cell line that 
has retained the ability to differentiate. Thus , the expression of 
psoriasin seems incompatible with a fully transformed phenotype. 
The function of psoriasin is at present unknown, although recent 
studies have shown that this protein is also expressed in other skin 
diseases such as mycosis fungoides, atopic dermatitis, lichen sclero-
sus et atrophicus, and Darier's disease, suggesting a general role in 
skin inflammatory response.t t Whatever its function may be, its 
unique regulatory properties warrant an important role in skill biol-
ogy. 
We thank L. SlIi/h Nielsell for typillg the lIIa,lI/script. HJH was supported by a 
fe llowship from the Dallish Callcer Society alld EO by a fellowship from the Dallish 
Medical Research COllll eil. The research was supported by grallts from the Dallish 
Biotechllology Program, the EC, NOVO alld the Dallish Medica l Assoeiatioll. 
REFERENCES 
1. Kligman D, Hilt DC: The S100 protein family. Trellds Bioe/lem Sci 13:437 - 443, 
1988 
2. Heizmann C W: NOllel Calci.II" Billdillg Proleills. Springer Verlag, Berlin, 1992 
3. Hilt D, Kligman D: The S-100 protein family: A biochemical and functional 
overview. In: Heizmann C W (cd.). Novel Calcillm-Billdillg Proleills: F.llldamell-
lals alld Clillical Implicaliolls. Springer Verlag, Berlin , 199 1, pp 65 - 103 
4. Gerke V, W eber K: The regulatory chain in the p36-kd substrate complex of viral 
ryrosine-specific protein kinases is related in sequence to the S-100 protein of 
glial cells. EMBO] 4:2917 -2920, 1985 
5. Baudier J , Delphin C, Grunwald D , Khochbin S, LawrenceJ]: C haracterization 
of the rumor suppressor protein p53 as a protein kinase C substrate and. 
Sl00b-binding protein. Proc Nat! Acad Sci USA 89:11627 -11631, 1992 
6. Goebeler M, Roth J, Henseleit U, Sunderkotter C, Sorg C: Expression and com-
plex assembly of calcium-binding protein, MRP8 and MRP14 during differen-
tiation of murine myelomonocytic cells.] Lellk BioI53 :11 - 18, 1993 
7. Murao S, Collart F, Huberman E: A protein complex expressed during terminal 
differentiation of mono myelocytic cells is an inhibitor of cell growth. Cell 
Growlh Differelltiatioll 1:447-454, 1990 
8. Moore BW: Conformational and hydrophobic properties of rat and bovine S-100 
proteins. Nellroc/If/ll Res 13:539 - 545, 1988 
9. CelisJE, Cruger D, IGiIJ, LauridsenJB, Ratz G, Basse B, Celis A: Identification of 
a group of proteins that arc strongly up-regulated in total epidermal keratino-
cytes from psoriatic skin (published erratum appears in FEBS Lell 1990 Ju l 
16;267[2]:31 7). FEBS Lett 262:159-164, 1990 
10. Madsen P, Rasmussen HH, Leffers H, Honore B, Dejgaard K, Olsen E, Kiil J, 
Walbum E, Andersen AH, Basse B, el al: Molecular cloning, occurrence, and 
expression of a novel partially secreted protein "psoriasin" that is highly up-
regulated in psoriatic skin.] I,wesl DerrnaloI97:701 -712, 199 1 
11. Madsen P, Rasmussen HH, Lcffers H , Honore B, CelisJE: Molecular cloning and 
expression of a novel keratinocyte protein (psoriasis-associated fatry acid-bind-
ing protein [PA-FAllP]) that is highly up-regulated in psoriatic skin and that 
shares similariry to fatty acid-binding proteins.] Ill vest Dermatol99:299 - 305, 
1992 
12. CelisJE, Madsen P, Rasmussen HH, Leffers H , Honore B, Gcsser B, Dejgaard K, 
Olsen E, Magnusson N, Kiil J, el al: A comprehensive two-dimensional gel 
protein database of nonculrured unfractionated normal human epidermal kera-
tinocytes: towards an integrated approach to the srudy of cell proliferation, 
differentiation and skin diseases . Elearopl.oresis 12:802 - 872, 199 1 
13. O'Farrell PH: High resolution two-dimensional electrophoresis of proteins.] Bioi 
Chem 250:4007 - 4021, 1975 
tt Sitzmann], Algermisscn B, Czarnetzki BM, LeMorte P: Expression of 
psorias in mRNA in several human skin diseases (abstr.). ] I,II/est Dermatol 
lOO:220A. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
PSORIASIN IS A NOVEL MEMBER OF THE S100 FAMILY 375 
Celis JE, Rasmus,,:n HH, Olsen E. Madsen p. Leffers H, Honore B, Dejgaard K, 
Gromov P, Hoffmann HJ, Nielsen M , Vintermyre 0, Haoj, Celis A, Basse B, 
LauridsenJB, Ratz GP. Andersen AH , WalbumE, Kjaergaard E, Puype M. Van 
Damme J , Vandekerckhove J: The human keratinocyte two-dimensional gel 
protem database: update 1993. Electrophoresis 14: 1 091- 1198, 1993 
Celis JE, Ratz G, Basse B, Lauridsen jB, Celis A: High resolution two-dimen-
sional gel electrophoresis of proteins: isoelectric focusing (IEF) and non-eq ui-
IIbnum pH gradlellt electrophores is (NEPHGE). In : CelisJE (cd.). Cell Biology: 
A Laboralory Halldbook. Academic Press, Inc., San Diego (in press) 
Celis JE, Lauridsen JB, Basse B: Determination of antibody specificity by Western 
blotting and immunoprecipitation. In: Cel is JE (ed .). Cell Biology: A Laboralory 
Halldbook. Academic Press, Inc. , San Diego (in press) 
Maruyama K, Mikawa T , Ebashi S: Detection of calcium binding proteins by "Ca 
autoradiography on ni trocellulose membrane after sodium dodecy l sul fate gcl 
electrophoresis.] Bioc/IC/II Tok)'o 95:51 1- 5 19, 1984 
Hoffmann HJ , Celis JE: The ca lcium overlay assay. In : CelisJE (cd.) . Cell Biolog),: 
A Laborato,)' Hall dbook. Academic Press, Inc. , San Diego (in press) 
D evereux J. Hacbcrli P, Srn.i rh.ics 0; A compreh ensive set of sequence anaJysis 
programs for the VAX. Nllcleie Acids Res 12:387-395, 1984 
C hristensen JH, Hansen PK, Lillelund 0, Thogersen HC: Sequence-specific 
bmdmg of the N-termmal three-finger fragment of Xenopus transcriprion 
factor IliA to the internal control region of a 5S RNA gene. FEBS Left 
28 1:181 - 184, 1991 
Studier FW, Moffatt BA: Usc of bacteriophage T 7 RNA polymerase to direct 
selective high-level expression of cloned genes.] Mol BioI189:113-130, 1986 
Hochuli E, Bannwarth W, Dobeli H , Gentz R, Sruber D: Ge netic approach to 
faci litate purification of recombinant proteins wi th a novel metal chelate absor-
bent. Bio/Tee/Illolog)' 6:1321 - 1325, 1988 
Nagai K, Th0gersen HC: Synthesis and sequence-specific proteolysis of hybrid 
proteins produced in Escherichia coli. Melhods Ellz)'",ol 153:461 - 48 1, 1987 
Wilkinson MM, Busuttil A, Hayward C, Brock DJ, DorinJR, Va n Heyningen V: 
Expression pattern of two related cystic fibrosis-associated calcium-binding 
protems m normal and abnormal nssues.] Cell Sci 91 :221 - 230, 1988 
Lagasse E, C lerc RG: C loning and expression of two human genes encoding 
calcium-binding proteins that are regulated during myeloid differentiation. 
Mol Cell Bioi 8:2402-2410, 1988 
Ohta H, Sasaki T, Nab M, Hi raoka 0, Miyamoto C, Furuichi Y, Tana ka T : 
Molecular cloning and expression ofthe cDN A coding for a new member of the 
S 100 protei n family from porcine cardiac muscle. FEBS Lett 295:93-96, 1991 
Rasmussen HH, Cel is JE: Evidence for an altered protein kinase C (PKC) signal-
iug pathway in psoriasis. ] Irwesl Dermalol1 01 :560 - 566, 1993 
Lackmann M, Rajasekariah P, lismaa SE,jones G, Cornish CJ , Hu S, Simpson Rj, 
Moritz RL, Geczy CL: Identification of a chemotactic domai n of the pro-in-
flanuuatory S 1 00 protein CP-l 0.] 1111111'1110/1 50:298 1 - 299 1, 1993 
Kube E: Becker T, Webe: K, Gerke V: Protein-protein interaction srudied by 
Site-d irected mutagenes Is. Charactenzatton of the annexin II-binding site on 
p11, a member of the S100 protein fam ily.] Bioi Chelll 267:14175 - 14182, 
1992 
30. Engelkamp D, Schafer BW, Mattei MG , Erne P, Heizman n CW: Six S100 genes 
arc clustered on human chromosome 1 q21: identification of two genes coding 
for the two previously unreported calcium-bindi ng proteins SI OOD and S 100E. 
Proc Nat! Awd Sci USA 90:6547 - 6551, 1993 
31. Dorin JR, Emslie E, Van Heyningen V: Related calcium-binding proteins map to 
the same subregIOn of chromosome 1q and to an extended region of synteny on 
mouse chromosome 3. Gellolllics 8:420-426, 1990 
32. Lee SC, Wang M, McBride OW, O 'Keefe EJ, Kim IG. Steinert PM: Human 
trichohyalin gene is clustered with the genes for other epidermal structu ral 
proteins at chromosomal locus l q21.] IrlVesl Oerlllalol l00:65-68, 1993 
33. Devilee P, van Vliet M, Bardoel A, Kievits T, Kuipers Dijkshoorn N, Pearson PL, 
Cornelisse CJ: Frequent somatic imbalance of marker all eles for chromosome 1 
in human primary breast carcinoma. Callcer Res 5 1:1020- 1025, 1991 
34. Saintingy G, Schmidt R, Shroot B, Juhlin L, Reichert U, Michel S: Differential 
expression of ca lgranulin A and B in various epithelial cell lines and recon-
structed epidermis. ] Ill vest OerlllaloI99:639-644, 1992 
35. Keulcmans J, Van Heynings V, Scholte BJ, van der Kamp AWM, Kansen M, Dc 
Jonges H , GaIjaard H, Hoogeven AT: Cultured epithelial cells from patients 
with ~ystic fibrosis have:1 n increased expression of the 14 kDa C:t{2+)-binding 
protem CFA. Biochelll Biophys Res COIIII/HIII 174:1281- 1286, 1991 
36. Celis JE, Olsen E: A qualitative and quantitative protein database approach identi-
fies individual and groups offunctionally related proteins that are diRc rentia ll y 
regulated in SV 40 transformed human keratinocytes: an overview of the func-
tional changes associated with the transformed phenorype. Electr<>l'horesis 15: 
309 - 344, 1994 
37. Taylor-Papadimitriou J , Purkis P, L., nc EB, McKay lA , C hang SE: Effects of 
SV40 transformation o n the cytoskeleton and behavioural properties of human 
keratinocytes. Cell Dijferetltialioll 11 :169-180, 1982 
